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BsenenHe 

nonstTHe '"nH<jl<jlepenunanbHoe conpoTHBnenne":. R 1 ) .· 6bino snepBbie 
11/ 

. BB9l]9HO B pa60T9 · ~ Ka~eCTBe.BamHoA xapaKT9pHCTHKH p93HCTHBHOI'O 

COCTOSIHHSI.-CBepxnpOBOlJHHKOB BTOpOI'O pona·, onpenenSIJOlltell lJHCCHIT8TifBHb19 

. npOU9CCbl Hplf llBifm9Hiili BHXp9BblX nHHHif M8I'HiiTHOI'O HO!OKa tlOl] l]9HCTB!f9M 

Clinbl nopeHUa, rpanue~Ta TeMnepaTypbl If ,T.llo 

B nocnel]HHe I'Ollbl BO MHOI'HX na6opaTOpHSIX MHpa npoBOlJHTCSI Hccne

lJOBaHHSI aasncHMOCTH R 1 (T, H) nnH csepxnposonHHKOB c paanH'IHbiMH ana:.. 
. ( . .. . /2/ 

.. '19HHSIMH napaMeTpa K T90pHH .fnAf CM., HanpriMep, o6aop ). floBhl-

lll9HHblll:·HHT9pec ·K, aToll BenH'IHHe o6'bSICHSI9TCSI ieM,. 'ITO, ua~epenue; ee 

U03BOnSieT npoBepHTb H9KOTopb!9 ._BbiBOllbl T90pHH, .onep~pyJOIU9H ·C 38BifCSI

IUHMH OT BpeMeHH ypaBH9HHSIMH fHH36ypra-nannay 0 H3Y'IHTb paanH'IHbl9 

M9X8HH3Mbl lllfCCifH8UHH, · o6ycnoBn9HHbi9 l]Blfm9HH9M . BHxpefi 'B ." BSI3KOll'" 

cpene. 

no onpeneneHHJO, .R I = dV I dJ. -na nunellHOM. yqacTKe BOnbTaMnepnoll 

xapaKTe!mcTHKH csepxnpoBOlJHHKa, noMeruennoro 8 MarnHTHoe none, nep

nennuKyriHpnoe TOKY ~.IT osTOMy B 9KCnepHM9HTe o6bi'IHO; CHHM810T 38BHC!f;.. . 

MOCTb V (I) no honiliieniisi ~· 6onee :lfnn'~ Me nee rrpoTHmeanoro . nineAnoro yqacT-· 
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Ka, aa. KO.TopoM H onpeAemnoT rpaqmqecKH AH<jJ<jlepeauHanbHoe conpoTHB

neaHe·. 0AI!aKO, KaK. 6yAeT. noKasaHO B HaCTOHUiefi pa6oTe, HanH.'IHe TaKO-
· .. 

ro yqacTKa B aeKoTopbiX cnyqagx eUie ae osaaqaeT, 'ITO MO>KHO npeHe6-

pe'Ih nnHHliHeM a a. V ('I) HHTerpanhlioro Harpena o6pasua sa ctJeT BhmenH

IOUieficst .n HeM MOUIHOCTH. CneAoBaTenhHO, n onpeAenHeMyiO HS aKcnepn

MeaTa nenH'IHHY (HaSoBeM ee R~ . ) Heo6xoJiHMO BHOCHTb nonpaBKH, 

HHOrJ:ta BeCbMa SHa'IHTenhHbie. BoSMO>KHO, .'ITO XOTSI. 6bi OT'IaCTH1 C 8THM 

o6CTO.HTenbCTBOM CBSISaH 6onhlliOfi •pas6poc Ha6niOAaeMbiX SHatJeJIHfi AH<jl<jle~ . . 

peliUHanhHO:o conpoTHIIneHHH H Te TPYAHOCTH,. KOTOpbie: BOSHHKt\IOT npH · 

aKcmipHMeHTanbHOM onpeAeneliHH o6mero saKoHa saBHCHMOCTH P·t. ( p n . 

oT T 11 H AnSI cnepxnpononanKon nToporo poAa. · · 

·.' ·Mbi paccMoTpHM nnHHHHe Ha· nonhTaMnepHbie xapaKTepilcTHKii pas-

. nH'IHbiX if!aKTOpOB1 rnaBHblM o6paSOM TfilnnonepeAatJ~: K. OKpy>RaiOUiefi' cpeAe. 

. ( He'll , <He'l , napbi renHH), 11 o6cyAHM nonpoChi, KacaiOUIHecH BHeceliHH: 

nonpanoK n Ha6niOAaeMbie sHatJeH:n:H dV I dl 

Horo · sHatJeHHH R 1 

AnH onpeAeneHHSI HCTHH-

· '1/. · HsMepeHHH H pesynhTaThi 

Mi,1' :n:3Mep.Hn:n: nonhTaMnepHbie xapaKTepHcT:n:KH. Ha TOH~Hx nnacTHHax: 

HS 'CBepxnpOBOAHHKa' BToporo poAa BO ·BHelliHeM Mai'HHTHOM none AD 55 K8 
0 

B o6nacTH TeMnepaTyp OT 4,2 AD 1,6 K, 

· )lnSI ocyUiecTnneHHSI. xopolllero Tennonoro KOHTaKTa c >KHAKHM renHeM

. no Bcefi noaepxHoCTll o6pasua nocneAHHfi noMemaeTcSI D cneuHa~hH~ifi 
Aep>KaTenh, Hso6pa>KeHHbifi n HH>KlieM yrny pHc. l, 06paseu. 3, npH>KaThifi 

KpbiiiiKOit 2 K OCHOBaliHIO 1,. npo'IHO. yAep>KHBanCSI Me >KAy ABYMSI rpe6eHKa-
, - . . 

MH npOIIOnOtJHbiX . noTeHUHanhHhiX KOHTaKTOB, · paccTOSIHHe Me >KAY KOTOpbiM~. 

• b = 2 .. MM. KaK BHAHO HS pHCyliKa, BOKpyr o6pasua HaXOAHnCSI cnofi 

4 

~-~ -· 

>KIIAKDI'O. renHH TOniUHHOfi . 

. ao. y nonepxaocTn o6paaut 

COUJnH!pOB8HHbiM C ABYXc C 

-5 •. Llpyrofi T~pMoMeip -:: . 

o6pasua. · Jlep>KaTenh. c o6J 
~- ... . . ,. 

/liOpDBbiMH: noniOcaMH cnep 

.'ITt?. nnocKoCTh o6pasua yc 

MarHHTliOI'O nonH, npHtJeM 

. meanS! Aep>KaTemt MC?>KHO 1 

n106ofi HS llleCTHaAUaTH' us. 

0CHOBHble II3MepeliHH 6blnl 

6bino nepneHAIIKynHpHo (. 'J 

o6pasua. 

Bcero 6bmo · nccneAo· 

n Ta6nnue 1; 'Jlng·cTaTHCT 

HeCKDnhKIIX ytJaCTKaX. B pa 

o6pasuon nocne xonoAHofi 

KpoMe 'o6pasua· B, KOTOpbi: 

Bee o6pasuhi 6binii peKpnc 

HHe 1 tJaca. 

Hn>Ke npeAcTanneHbi 

TepHCTifK n lix' oco6ea.H:oc1 

1. Ilpe>Kae· ncero oTt-

KaK npannno, He_AaeT nos1 

Hblfi ytJaCTOK~ .. 3TO CBHS.!lHC 
"' .; h• 

KpHnofi HHorna 6biBaeT 'cnJ 

npnmtTh sa ... nnHefiHhlfi~,. y'l 



HUH81IbHOe COllpOTRB

pa6oTe, aannqne TaKe-

r, '~.To. MO>KHO npeae6-

>6pa3ua 3a C'leT Bbtnemi:

:ensteMyro H3 aKcnepn

.aaocRTb itonpaBKR, 

SI. 6bt oT~acTn, c aTRM 

aeMbtx ~Ha'leitnii nncflcfle"":' 

:>pbtel B03HHK8IOT npH 

aBRCRMOCTR Pt /p n 

·'. 

xapaKTepRCTRKR pa3-

R ·~ · oKpy~aromeii cpene, 

K8C8IOIUR9CSI. BHeCeHRSI_: · 

1 onpeneneHRSI · RCTHH-

:n' HB TOHKHX nnaCTRHSX 

li"HHTHOM none no 55 K9 

:-· 

!TaKTa c.· >KRnKRM renneM· 

!TCSI n cneunanbHbiff 

()6pa3eu 3,' npn>KaTbtlt • 

~e>Kny nayMst rpeoeHKa

rosiane · Me>i<ny KOTOpbiMR. 

uaHaxonnncst cnoa 

! 

I 

I 
! 

I 
J 

' 
l 

.. j 

J 

I 
I 

I 
I 

I 

>KRnKoro rennSI TonmnHoii He MeHee 0,5 MM. TeMnepaTypa HenocpencTBeH

Ho y noaepxHOCTR o6pa3ua, 'Ha pa.CCTOsiHRH n~pSiilKa 0,3 MM, RSMepSinacb 

cownwjioaaHHbiM c nayx cTopoH yronbHhiM ~epMoMeTpoM Tnna Annea-Bpannn 

-5. Llpyrou TepMoMeTp - 6 6bm pacnono>KeH Jia paccTo!JHRn -·15 MM oT 

o6pa3ua. Llep>KaTenb c o6pa3UOM noMemancSI aepTR!<anbl!O Me}Kny n~pMeu

nropOBbiMn: nonrocaMn caepxnpoaonHmero MSI"HRTa n Mor apal!IaTbCSI Tar<, . 

'ITo. nnocKOCTb o6pa3ua ycTaHaannaanacb non nro6btM yrnoM K.:nanpanneumo. 
~ ~ . 

MBl"HRTHoro nonSI, npn'leM acerna 1 l. H • DyTeM ae~TRKanbuoro nepeMe-

meHRSI nep>KaTenSI Mo>KH"o 6Lmo: noMeiUaTb a onHoponHoe MarnnTnoe none 

nro6oii R3 mecTHanuaTw R3MepSieMLIX yqacTKoB o6pa3ua nnn na'I''IRK Xonna 4. 

OcuoBHbte R3MepeHRSI 6bmn cnemiHbi a ycnoBHSix,· Korna MarUHTHoe none 

6bmo nepneHnnKynSipHo ( 'H ~ . ) nnn napannenbHO 

o6pa3ua. 

Hjl 

. : ' 

·nnOCKOCTR 

Bcero 6bmo ncciianoaaao. 5 o6pa3uoa, naiiHbte o KoTopbtx'.co6pallbi 

B Taonnue J. , ilnSI CTBTRCTRKH R3MepeHHSI npoBonnnRCb, . KBK npaBH1IO, Ha 

HeCKOnbKRX y'laCTKBX B p83llb1X 'IBCTSIX K8>K!l0I"O o6pa3ua. OoaepXllOCTb. 

o6pa3uoa nocne xono!lHoii ae~opMaunn cneunanbHO He o6pa6aTitaanacb, 

KpOMe 'o6pasua' B, KOTOpb!H Oblll_. MexaHH'IeCKH oTiiDnHpoBaH c o6enx ~TopoH • 

Bee o6pasubt 6bmn peKpncTannnsoaaHbi a BaKyyMe npn 800-1000°C ·a Te'le

Hne 1 qaca. 

Hn>Ke npencTaaneHbi pesynbTBTbt nccneaoaaHRSI aonbTaMrrepHbtX xapaK

TepncTRK R RX OCo6eiUIOCTeii npH pa3nR'IHblX ycnoBRSIX li3MepeHRSI. 

1. Ope>Kaei acero oTMeTnM, 'ITo cn~Tne eanHR'IHoii l(PRBoli: cv(~} , 
KBK npaanno, He !lBeT B03MO>KHOCTR HB!le>KHO Bbl!l9nRTb RCTRHHbiH nRHelt

Hblfi y'laCTOK. 3To CBSI38HO C TaM, 'ITO Ha'lanbHbiH nenRHeiiHbiH y'I.SCToK· 
,.. ... , ·~ . -:- ~ ~ . 

KpHBOH RHOI"aa ObJBaeT CRnbHO SBTSIHyT,· TBK 'ITO ero BepXHIOIO :'laCTb. nerKO 

npHHSITb 38. "nnHeHHbiH" y'ISCTOK. C !lpyroii CTOpOHbl, npn Bb!COKRX HallpSI-
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meHHSIX H8'IHH8eTCSI IT ·- ,_ :-.. , ···<·' 
1: . rreperpena o5pa3ua, _B 
\J ; ., I r 

c i co N C"oo ~ HeK_OTOpbiX H H·T 51 
u) .. 

~ 

~ 
.. .. <.0 0 1.0 (,Q t- XOllHnOCh CHHM8Th HeC ·x co tQ c:o co 1: 

p83Hb!X 'MarHHTHbiX ··rro. 

----r o5pa3ua. cTauonnnacb · ·u 
~ 

'10. . Ha ,pnc,• 1 nocrrp ,.,r. ... 
xUJ 1:' pa3HhiX TeMrrepaTypax 

01 .. ~ tn -.J ..::r 
...::r ~ tJ en ~ II') ('C") '....:r 

II ('I N r 

""'..:r 0 cS cf c) cr .N· 
CJ; ~ 

["\:) 
--

<1l ~ 
::I :J: ' = ::s tO 10 ('t) t: ('f') ·o '10 .a. X C) co an ID <1l ::s ~ ri E-< C'\1 .,.: ... ,. 

3· -- ..... 
I 3 L ~. > ·': ' 

~-:r C() ('t) ::s m ::r ....:r -- - -::t" ~ .J: 0 c:) 0 r 0 "< 1: .. 0 
_{!. c5 0 c;j >"' 2 

r:. 1.. 1.. ,....., ..,.. 
··ca ~ ~ ~ cC an C) I I -:r 
1- 0 c:j .. I 1 tl r.p al ~ :::. co 

I I ...... 
0 I I 
(.) ..0 cO ..0 '2: '2: ::z 

:::t 
1&.1 ..,_ 

I <( - C'-1 ('f") c(' LCl lQ lO co l J a.. 
10 " 

0 . . 
Pnc. I, 3arrnch V (I) II 

'HL = 49 Ks; I) T=· 

B rrpanotl 'lacTn pncyHK< 

I 
B 



c\l ..... 
(.0 
CXl 

ct) 
U) 

--

.. ..... 

·--.,. 0 

4'-
r 

.. N 

·o . r 
.· .C\1 

('C') 
..::t' 
0 .... 
0 

~ 

)Kef!IIHX H8'1IIH~~TCH IlOCTeiieHH~e ~'I'KnOHeHIIe OT_ niU!eHHOCTII 38 .C'I~T 

rreperpeBa o6paaua, _ Bcne!lCTBII e 9TOI'O IICTIIHHhiii niiHeHHbiH yqacTOK IIpli 

HeK_OTOpbrx H II· T '5~maeT, c·oBc~M K~'poTKIIM, B pHae cnytiaes uaM rrpn-: 

XO!lHnOCb CHIIM8Tb HeCKOnbKO COT BOnbT8MIIepJibiX X8p8KTepiiCTIIK IIpH 

p83libiX M8r'HIITHbiX IIOnHX II· TeMIIepaTypaxl IlOK8 KapTHli8 !lnH !l8iiHOI'O 

o6p83U8 CT8HOBIIn8Cb HCHOH, 

Ha ,pnc. 1 BocrrponaBeaemi aarriicb. V (I) oriHoro IIa· o6paauoB rrpn 

paGHhiX TeMrrepaTypax B rrocTOH/iHOM Hl 1 a Ha pnc, 2a rrpeacTaBn~ahi · 

3 

>"' 2 

1 

1DDna 

I ,Ma .• 

Pnc. 1, 3arriicb V (I) Ha !lBYXKOOp!l.HHaTHOM caMorrncue. 06pn3eH 61· 
1 

'H!- = 49 Ka; 1) T = 4 1 2°K; 2) --· S1 53DK; 3) -2 1335°K; 4) - 1,6QQDK, 

B rrpaBoii qacTH pncyHKa - o6runi1 BII!l aep)KaTenH c o6pnauoM, 
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o6o6meHHbie JlaHHbiS no. npoTH>KSHHOCTH liHHeiiHbiX yqaCTKOB BOllbTaMnepHbiX 
' ' . . 

xapaKTepMCTHK B 3aDHCHMOCTH OT TeMnepaTypbi. BHilHOt 'ITO HpH noHH>KSHHH 

TeMriepaTypbl :C OpH6liH>K8HHe'M K . 'TA xlpOTH>KSH~OCTb liHHSHHbiX y'laCTKOB 

CHllbHO ynenH'IHBaeTCH. ITocne nepexolla .. 'le~ea A .. -TO'IKY KapTHHa MSHH

eTCH: nepxusrsr rpaunua B aToM cnyqae oauaqaeT oTKnouenne OT·nnueli

HOCTH B CTOpOHy MSHblllHX HanpH>KSHHH, · TaK Ha3biBa8MblH. 8HOM8llbHbiH 

narn6 ( Kpnnasr 4 ua pnc. 1 ) • 

HaMeneune MarHHTHoro nonsr He npnnollnno K cyUieCTBeHHbiM oTnH'In-
I 

HM B onHC~HHOil KapTHH·e. 

2.· Ha pnc. · 26 npn~elleHa aanncnMocTb p; I pn oT TeMnepaTyphi, 

nony<~ennasr B >KHilKnM rennn (Kpnnasr 1) n B napax npn pannonecuoM 

Jlannemm ( Kpnnasr 2) B nepneHilHKynsrpuoM MarnnTHOM none. Hs pncyuKa 

cnellyeT, 'ITO nsMepeuuoe sua<~ea'ne llH<jJ<jlepenunanbHoro conpoTnnneunsr 

' CHllbHO .saBHCHT OT cpellbl, B. KOTOpOH HaXOilHTCH' o6paseu: p ~ I p n. llliH 

napa CyUieCTBSHHO BbiUie, 'ISM llliH >KHilKOCTH. 

KpoMe Toro, aanncnMoCTb p t (T 8 .) , nonyqennasr .· B >KHilKOCTH, npe

TepnenaeT CKa'IOK npn TeMnepaType 'TA • 3TOT CKa'IOK na6nrollaliCH y 

BCSX 6e3 HCKIIID'ISHHH o6paauoB, MSHHHCb HSCKOllbKO no B81IH'IHH8 B 3aBH-

cnMocTn oT uanpannennsr n nenn<~HHbi MarnnTnoro non·sr, Ton mHHbi o6pasua 

H ero KpHTH'ISCKoro TOKa. B Ka'leCTBe K'oHTpOllbHOrO H3MepeHHH Mbl npons-

nenn sanncb na llBYXKoopllHHaTHOM caMonncue uenocpellCTBeuno.aanncn

MOCTH V (T 8 ) npn nepexolle qepea A -TO'IKY llliH pa3HbiX ~uaqeunli 

'[ .
6 

= const H TaK>KS Ha6nrollaliH CKa'IKH B TA t no a'6COIIIDTHOH BSIIH'IHHS 
0 p . . 

cpaBHHMbiS CO CKa'IKaMH Ha ·KpHBbiX p / (T B) • 

8 

I. 

3 

t 
0:: 

LlJ' 

f ·." 

-~0.~0 .. 

'~'\ 

Pnc. 2. 3anncnMOCTb o'l 
yqacTKa n ( 6) p:~ / P. n 

(Kpnnasr 2). 06paaeu E 



y'laCTKOB BOnbTaMnepHbiX 

ln,imo, 'ITO Ilpll ll0Hll:m9Hllll 
' ' ~ ' 

Tb, ~maeUHbiX·yqacTKOB 

·. -TO'IKY KapTllHa M9HH

>TKnOH9Hll9.0T·nllHel!:-

~aeMbil!: · aaoManbHbil!: 

'.,._ 

cymecTB9HHbiM OTnll'lll-

·p n. OT TeMn~paTyphi, 

X npn paBHOBeCHOM 

HOM none. lis pncyHKa 

.aoro conpoTnBneanH 

16paaeu: p* / p . J:lnH . I n. 

aHH8H B :mllllKOCTll 1 npe-

:Ka'IOK aa6monancH y 

KO no B9nll'lllH9 B 38Bll-

nonH, Ton ll!llHbi o6paaua 

>ro naMepeHllH Mbi np?ll3-

o6J?ellCTBeHHO ·. 38BllCll-

~. paaHbii aaa.J~anl!: · 

no aG~omo;HOl!: Benll'lllHe 

I 
! 

II 

l 
r 
I 

1 

i 
H 
I 
I 
! 
I 

ll 
I 

3 

2 7) .3 
r·.~ 

a 

5 

o.~sr----,---'----------_;,__, 

•. 2 

Pnc, 2. 3aancnMocTb oT TeMnepa1'ypbi (a) npoTH:meHHOCTll mmetluoro 
yqacTKa n ( 6) p:; I p n B :mllJlKOM rennn ( KpnBaH 1 ) n B napax rennH . 

(KpnBaH 2), 06paaeu E2, H L = 55;6 Ka, 
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3, B p.II.Ue cnyqaeB npn ITOHH>KeHHH TeMnepaTypbl OT 4,2°K .llO T), 

aa BOnhTaMnepHhlX xapaKTepncTnKax o6paauoB KaK B napannenhHOM, TaK 

H nepneH.UHKymipHOM MarHHTHblX ITOnHX Ha6mo.nanCH xapaKTepHblii ITHK Han-

pH:meanH, BbiCOTa KoToporo yBenntJHBanacb c noan:meaneM TeMnepaTypbi 

(eM. pnc. 3a, KpHBbie g n 2). 11aor.ua aeo6bi'IHbiii no.n'beM V (I) conpoBo:m

.nanc.II aaMeTHbiMH ocunnnHUHHMH aarrpH:meHn.II. npn TeMrrepaTypax an:me 

A -TO'lJKH STH OC06eHHOCTH ITOnHOCTbiO HC'Jeaann (pH C. 3a, KpHBa.II 1), 

npH npo'IHX paBHbiX ycnOBHHX BenH'IHHa ITHKa CHnhHO 38BHCena' OT CKO

pOCTH .BBO.ll8 TOKa B o6paaeu, TaK, OHa CHH3HnaCh ITO'lJTH B.llBOe ITpH yMeHb

meHHH CKOpOCTH OT 7 .UO lMa/ceK, 0cTaHOBKa npH BBO.ll9 TOKa B6nH3H ITHKa 

npHBO.UHna, KaK npaBnno, K Cpb!BY HAITp.II>KeHHH .UO 6onee HH3KOI'O 3Ha'lJeHH.II, 

0.UH8KO HH CaMa.II Mana.II CKOpOCTb BBO.lla TOKa, HH .'I8CT.IIbl9 OCTaHOBKH B 

HatJane BonhTaMnepHoii xapaKTepncTHKH He Mornn nonHoCThiO YHH'ITO>KHTh 

xapaKTepHOI'O ITO.ll'beMa V (/ ) , 3a ITO,ll'beMOM cne.noBano .llOCT8TO'lJHO pea-

Koe yMeHbllieHne aanp.H:meHHH, nocne KoToporo BonhTaMnepHa.II xapaKTepnc-

THKa HMena npoTH>KeHHbiii nnaeiiHbiii yqacToK nnn nocTeneaao BbiXO.UHna Ha 

aero. npn yMeHbmeann ToKa oHa cne.noBana, KaK npaBHno, rrapannenhHO 

STOMy ytJaCTKy, ITOK8 He CnHBanaCb C nepBOii KpHBOii npH C8Mb!X HH3KHX 

HaiTp.II>KeHH.IIX0 T,e, Ha Heii He Ha6nro.nanocb HHK8KHX oco6eHHOCTeii, npn 

STOM nHHeiiHbie ytJaCTKH KpHBblX otSpaTHOI'O XO.ll8 C.llBHI'anHCb BITpaBO TeM 

60nbme, .llO tJeM 6onee Bb!COKHX 3H8'1:9HHii TOK8 C.IIHManaCh COOTBeTCTByro-

lli8.1I KpHBaH npHMOI'O XO.Ua, ITOKa He HaCTynano H8Chllli9HHe B BenH'IHHe C.ll-

BJira. TaK, aanpnMep, B cny11ae o6paaua B /),a I 1 
H8Cbllli. c 

0,06 npn 

.T :: 3,25°K H Hl :: 49 KS. 

nnH Bbi.IICHeHII.II rrp!IpO.llbl Ha6nro.uaBlliHXC.II OC06eHHOCTeii Mbl np0113Benii 

ceparo aanaceii npHMoro n o6paTHoro xo.ua V(I) npa cne.nyromnx ycnoBIHIX. B 
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Pnc. 3, Peaynh~BTh 
npeBbimeane .naBne.III 
nepaType). 06paaeu 
HOM caMonncue .nnH 
Ta6nnue 

2 
KpHBb!X 

t!..p, Top 0 ·a 
T OK 2,09 2,4 

HatJ 
Ic, Ma 780 700 
ITpii V :: 100MKB 

-
( 6) 3aBIICliMOCT~ O'J 

ITliKY linll H3noMy Ha 
0603H8'I810T yE 



: B .napannenbHOM, TaK 

n xapaKTepHhiH nHK Han-

«eHHeM TeMnepaTyphi 

no.!l'heM V (I) conpoBo:>K-

TeMnepaTypax HII:>Ke 

( pHCo 3a, KpHBaSI 1) o 

HO 3aBHCena' OT CKO-

flO'ITH B.!lBOe ·npH YM9Hb

BBOll9 TOKa B6nH3H flHKa 

.'IaCTHbi9 OCTaHOBKH B 

bTa~nepHaSI xapaKTepuc

rocTeneHHO BhiXOllHna Ha 

rpaauno, napannenbHO 

OM npH C8Mb!X HII3KHX 

t oco6eHHocTefi. Dpu 

IManacb cooTrieTcTayro-

0,06 npu 

~HHOCTefi Mhi npouaaenu 

miayroiiiUX ycnoBiillX. B 

D 200 400 600 --
AP, TOp·. 

1 
"' "' 40;K .., ... 

'o -· - "' .:-... 
30fJ-:-

:l 
~ :s!_ 

zo 

Puc, 3, PeaynbTaThi, nony'IeHHhie npu noBbiiiieHHhiX ,!laaneHHSIX !l p 
npeBbiiii9HHe ,!laBneHHSI Hall llaBneHHeM HaCbllll9HHOro napa npH ,!laHHOH TeM
nepaType), 06paaeu . B, H = 49 Ka. (a)· 3aimcb V(I) Ha llBYXKODPllHHaT
HOM caMonucue .!lnll pa3HhiX ~Ha'IeHHfi ,ll p , nimae.neHHhiX. B cne.!ly!Our.en 
Ta6nuue 

Ng 2 3 4 5 6 7 8 9 
KpHBbiX 

llp, Top 0 0 91 200' 291 404 432 536 0 
T OK 2.09 2,46 2,46 2,47 2,50 2,52 2,93 3,19. 4,2 H8'l 

lc, Ma 780 700 700 680 660 650 600 480 330 
npu V "= 100MKB 

( 6) 3aBHCHMOCTb OT /),. p~ BenU'IUHbl ( Q] A ) MaKe' COOTB9TCTBYIOIIl9il 

nuKy unn uanoMy Ha Kpuaon- V. ( 1 ) , u KoatjlqmuueHTa TennooT.!la'IJJ: ~ b , n T~ 
0603H8'18IDT yaenH'J9HH9 U yM9Hbii19HIJe TOKa COOTB9TCTB9HHO, 

11 



KpiiDCTBT C 60J1bllliiM KDJlii'!eCTBOM ;)KIIIlKDrO reniiH 1 OTK8'18HHDrD llD 

T 
8 
= 2,5°K, nocne oTKmo'!eHIIH aacoca aanycKancH nopuiiHMII ra3oo6pa3-

Hhlii reniiii1 T8K 'ITO npii He3H8'1IITeJJbHOM II3MeHeHIIII TeMnepaTyphl MO >KilO 

6binO 381l8B.8Tb pa3HOe ll8BJ1eHIIe, KOTOpoe BO BpeMH 3aniiCII rionnep>KIIBa

J10Cb1 nocTOHHHhiM. TaKaH cepiiH BOJJbTaMnepHhiX xapaKTepiiCTIIK. npellcTaB

neaa H8 piiC. 3a, II3 paCCMOTpeHIIH KOTOporo MO>KHO ClleJ18Tb cixenyrollJIIe 

Bh!BOilhi: 1) no Mepe yBeJJII'!eHIIH ll8BJJeHIIH OCTpOT8 niiKa Ha npHMOM XOile 

V (I) yMeHbllJ8eTCH 1 a 3Ha'!eHIIe MOllJHOCTII, COOTBeTCTBYIOlllee eMy, pacTeT; 

2) noHBJJHeTCH II3J10M H8 o6paTHOM XOilej 3) no Mepe pOCTa ll8BJ1eHHH 

KpiiBbie V (I) npHMOrO II o6paTHOro X01l8 C6JJII>K810TCH. 

111. 06Cy;)KbleHIIe pe3yJJbT8TOB 

1. PaccMoTpiiM caaqana BJJIIHHIIe IIHTerpanbHoro neperpeBa Ha BonbT

aMnepHhie xapaK~epiiCTIIKII. B o6nacTII JJIIHeiiHoii 3aBIICIIMOCTII V (I) cBR3b 

Me>Kily TOKOM II HanpH;)KeHIIeM B o6pa3ue MO;)KHO 38ITIIC8Tb B BRble: 

v R 1 (1 ) [I -I P ( T) ] , (1) 

rile R 1 - biR<jl<jlepeHuiianbHoe conpoTIIBneHIIe, I P - KpiiTII'!eCKIIii ToK, 

COOTBeTCTBYIOllllfll 9KCTpanonHUIIII niiHeliHOll '18CTII BOnbTaMnepHOll xapaK

TepiiCTHKII ~ V = 0 , ·r - TeMnepaTypa o6pa3ua. 

PaccMaTpRBaeTcH OllHOpObiHhiH nnocKIIli o6pa3eu' c llliipiiHoli a , llJJII

aoli b , ToniUIIHOli d • DpeblrronaraeTcH, 'ITO R 1 H I. P HBJJHIOTCH 

<jlyHKUIIstMII TOJlbKO MarHHTHoro noJJH li TeMnepaTyphi, HO He 38BIICHT OT 

KOOpbiiiHaT, T.e. ObiHOpObiHhl no TOJllUIIHe o6pa3Ua. 

DpH RaMepeHIIHX BOJJbTaMnepHhiX xapaKTepHcTHK noblblep*HBaeTCH 

nocTosmaoli TeMnepaTypa renHeBoli BaHHhi T 8 • B npellnono;)KeHIIII noc;-
• 

TOHHHOii no TOJllUIIHe TennonpOBObi!IOCTII II MOIUHOCTII1 BhlbleJJHIOIUeMCH B o6p83Ue, 

CBH3b Me*aY cpellHeli TeMnepaTypoli o6pa3ua II 1 8 Mo~Ho npeblcTaBIITb 

B cneJlyiOIU9M. BR)le: 

12 

~. 

1 
1 

:j 
( 

d2 
~--W. T = T B + 12K: 

rile K - TennonpoBOilHOC 

B o6pa3Ue MOllJHOCTII; 6. . 

BepXHOCTII TBepllOrO Tent 

B 'cnyqae He II': 6. j 

,HOCTb _TennoBoro noToKa 

TennoconpoTIIBJJeHIIe Kam 

rpaaiiuy B cnyqae He I F. 

HRH p83J1II'!Hh!X SKCnepiiM 

HeiiHOM MaClllTa5e, cneitye 

npii ae6onbllliiX R3MeHe~II 

MO;)KHO npebiCT8BIITb B BR 

tl.T = T + R I_ Q 
k-s n .. A 

KaK 6ylleT BIIIlHO 113 ll8JJI 

XapaKT9piiCTRK1' C.HHTh!X. ! 

KHneHIIH. 

0603H8'1IIB ·r - T 8 = 

V (I) B pHil, OCT8BRB JlRH 

V = R (T ) ['I ;_I 
I B · & 



OTK8'181iHOrO JlO 

nopunHMH ra3oo6pa3-

HH TeMnepaTypbl MO >KilO 

~g 3anncn rionnep>KHBa

tpaKTepncTHK · npencTaB-

10 cnenaTb cnenyromne 

:1 nHKa H:=t npHMOM XOJle 

TCTByromee eMy, pacTeT; 

epe pocTa naBnennH 

)ro neperpeaa Ha BOnbT

::tBHCHMocTn v ( 1) cBst3b 

lilHC8Tb B BU.Ue: 

(1) 

. - KpllTU'leCKllH TOK, 

30nbTaMnepHoii xapaK-

eu c mnpnHoii .a , .unn

t .H J · p SIB11SIIOTCH 

bl, HO ne· .38BllCSIT OT 

'HK no.u.uep>KHB89TCSI 

,npe.unono>KeHnn·noq-

3biJienHIOIUeiicst B o6pa3ue, 

B MO~HO npencTaBUTb 

1 
l 

f 
1 

T 
d2 

T B + --- w + ST 8 
12K. 

( 2) 

rne VJ K - TennonpoBonHoCTb o6pa3ua, w = 
8 

bd - nnoTnocTb Bbtnemuomeucst 

B o6pa3ue MOIIlHOCTH; ~ Ts - pa3HOCTb Memny TeMnepBTypou ua no-

BepXHOCTH TBepnoro Tena H · T B • 

, rae Q I A -nnoT- · 

HOCTb TennoBoro nOTOKa 'l9pe3 IUHpOKYIO noBepXHOCTb o6pa3U8 I 'R·~ . 

TennoconpoTHBneHHe Kannubi. CBH3b Me >Kay ~ T s H noT OK OM Tenna qepe3 

rpaHnuy B cnyqae He I nMeeT 6onee cno>KHbiH Bnn. OnHaKo H3 paccMoTpe
/3-7/ 

HHH p8311H'lHbiX 8KCnepHM9HT81lbHbiX Jl8HHbiX , npe.ucTaaneHHbiX B nn-

neuHoM MacmTa6e, cne.uyeT, 'ITO a o6nacTn ny3bipbKOBoro KnneimH 'He/ 

npn He6onbiUHX ll3M9H9HllHX MOIIlHOCTll COOTHOIU9Hlle M9>K.lly ~ 'T 
8 

ll W 

MO>KHO np9.UCT8BllTb B Bll.Ue~ 

(3) 

KaK 6y.oeT BH.UHO ll3 .uanbHeiimero, nnHeHHbie y'laCTKn BOnbTaMnepHbiX 

XapaKTepHCTUK, CHSITbiX B 'HeJ , npnXO.llHTCSI Ha o6naCTb ny3b_ipbKOBOrO 

Kllil9HHSI, 

06o3Ha'lnB T - 'T8 = d:z w + ~·r B ( 2) 'lepe3 ~ T 
12K . 8 

p83110>KUM 

V (I) B pst.U, OCTBBUB nnHeHHbie no ~ T 'l119Hbl! 

V=R 1 (T8 ) U-'1 (T Jl+U-'1 cr J]~~:i-~R ~·r. (4) 
. P 8 P B aT aT 1 

13 



. nm1 'He 'II': 

f),T =aiiRI(TB)'l[l-'IP(TB)], 

fl OJlCT8BllB /), 'T B ( 4) 1 nonyqnM: 

all 

II d 
Rk+ 6K 

·2 ab 

2 a 1 . (} R 1 . a1 p . . . 2 
V=[R 1-R 11P----2.a· a 11 ](1-l l+[-1-'R; -a -]R 1 aii (I -IP) r r ar . r 

B cnyqae He 'I 

f),T,; Tn +ai R 1 (T8 )'1 [1-IP(~)] ,~ 

n no ¢opMyne (4) nonyqnM: 

a. = I 

d R~+ 6K 

(5) 

( 6) 

( 7) 

. a 1 aR . · . a R a1 . , a1 . 
V=[ R -R 2 1 ---2+ - 1 T ] (I -1 ) +[-11 --l!..R ]R a (1-1 12--P 'R T !B) 

I I p a T a T n p a T a T I I I p' ar . I n 

Tlpn o6bJqHbiX aHaqeHHHX BXOJlHU!HX B aTn ¢opMynbi s{mnqnH ( OTHeceH,-
2 

HhiX K ·r 
8 

) BTopolt qneH MHoro MeHbme rrepB'?ro (npu 1 I 1 P « 10 ) • 

qTO K8C8€TCH TpeTbero, noCTOHHHOrO qneHa B {8), TO OH npllBOllllT K 

He60llblliOMy ~ap8llll8llbHOMy CJlBHry 9KCnepHM€HT8llbHOH KpllBOit H8 

a1 
/),In "' ·r n :'1 ... p I M8KCllM8llbH8H BennqnHa KOTOporo B cnyqae Hamnx 

o6p83UOB COCT8Bl1Sil18 0,04 'J P. 

Ha ¢opMyn ( 6) n ( 8) cnenyeT Ba)I{Hbifi Bi>IBon: Koa¢¢nuneHT rrpn nn

aeltHoM qneae ( '[ ~ 1 P ) 1 COOTBeTCTBYIOU!llH 9KCnepnMeHTBllbHOMy 3}1aqeHHIO 

nn¢¢epeaunanbHoro conpoTnsneHHH R* 
I 1 H838BllCllMO OT ypOBHH BbiJl€llSI-

€MOM .B o6pa3U€ MOU!HOCTll (B rrpenenax llllH€HHOro yqaCTKa) SIBllH€TCSI 

14 

¢yHKunefi KpnTnqecKoro 

n Tennonepenaqn oT TBE 

Ha cpaBHeHHH ¢op~ 

CKaqoK B A - TOqKe, I 

naqn K )KllJl_KOMY renmo: 

/), R * = R:*I- R ~I= · I I I 

nefiCTBllT€llbHO, ·TaKOH C 

o6paauax (eM. pnc. · 26 1 

H3MepeHHOe B napOBOH q 

Hne no cpaBHeHnJO c · )l{ll 

TanbHo. B nocnenHeM en 
B .\ - ToqKe ( pnc. 26, 

CornacHo ¢opMyna~ 

pnMeHTallbHoro nn¢¢epeH 

qeHHH B o6nacTn 'He II. n 

p II= 

PI 

Rj- R 1 

Rl 

R;- R 1 

Rl 

E cnn a 1 p .. a r < a , Kal 

6LTb HlliK€ 113MepeHHOrO 

~":; 



·'II d 
Rk+.TK 

.·2 ab 

:]R ... · (I ..:...I )2 
tail P 

(5) 

(6) 

( 7) 

)op~ynbi BEmii'IHH ( oTHeceH:-
··: . 2 

·o (npii I I I P « 10 ) • 

( 8) 1 ~.TO OH npiiBOlliiT K 

ranbHOfi KpiiBOft Ha 

~Toporo a. cny'Iae Hawiix 

BOA: KO~~IIUII9HT npii nii

Il9piiM9HTBnbH~My 3H8'I9HIIIO 

BIICIIMO OT ypOBHH BhlAenH-

lrO yqaCTKa) HBnHeTCH 

$yHKUIIeit KpiiTII'I9CKoro TOK8 I p' di I a 1 , Koa!f>~IIUIIeHTa TennonpoBOAHOCTII 

11 TennonepeAa'III oT TBepAoro Tena K OKPY*aiOraeii cpeAe. 

Ha cpaBHeHIIH !f>opMyn ( 6) JI u~) cneAyeT, 'ITO R; AOn)KHQ I!MeTb 

CKB'IOK B A - TO'IK9 1 CBH38HHbiit C ll3M9H9HII9M KO~qlHUif911T8 Tennonepe-

AB'III K )KIIAKOMY renmo: 

R
2

1 a1p 1 11 aRt 
!J.R*I =R*I-R'£]1 = -[-f_P_ -- (Rk-Rk)- a·1 1n]T, 

I I 2 ab d 1 " ( 9) 

lleitcTBIITenhHO, TaKofi cKa'IoK na6niOAancH na acex IIccneAoBannbiX naMM 

o6paauax (eM. pnc. 26 II Ta6n. II ). B ciiny Toil *e npii'IIIIII,I R* 
I 

U3Mepennoe a napoaoii Q:!aae rennH, AOn)KHO IIMeTb 6onee BbiCOKoe anaqe-

Hlfe no cpaBHeHJIIO C )KIIAKOCTbiO, 'ITO T8K)Ke llOJlTB9p)KJl89Tt::H ~jKCU9piiM9H

TBnbHO. B nocneAHeM cny'Iae aaBMCHMOCTb R J ( 1
8

) ne Tepnll'r paapblBa 

a A - TO'IKe (piic. 26, Kp. 2). 

CornaCHO ~OpMynaM ( 6) II ( 8), OTHOCIITenbHOe OTKnOH9HMe 9KCne

pllM9HTBnbHOrO AII!f>!f>epenuiianbnoro conpoTnaneniiH oT ero·ncTunnoro ana

'IeHIIH B o6nacTu He II II He I , cooTBeTcTaenno, npeAcTaBns:IeTcH a BIIAe: 

Rj- R 1 
pu= R

1 
(lOa) 

( 106) 

Ecnii d I : a 1 < 0 • KBK 06bi'IHO, TO llCTllHHOe 3Ha'Ienue R I 
p • 

6LTb nuil\e uaMepennoro B aKcnepm.-teHTe, KaK BIIAHO 113 Ta6mlllbi II 
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pacc'IJHTaHHbie no (lOa) nonpaBKH npn 

He3Ha'IJHTenbHbl. llpH paC'IJeTe .a II Mbl 

o" >' > 

T '= 2 K llnst Bcex o6pa3uoB 

npHHSinH R~ = 

2 
= 0,14 rpalloCM /BT ( npaKTH'IJeCKH CpellHee 113 Ha6opa 9KCnepHMeHT8nhHbiX 

3Ha'IJeHHI1 npH T 
0 > /8/ 

.2 K llnst MellH ncnpaBneHHoe c y"'eToM OD 

= 200-240°K llnH HalllHX o6pa3UOB) H 
. .;..3 

K, = 2.10 BT/cM;rpall., nony-
0 

'IJeHHoe npn 2t-4 K Ha "Nb - 87 aT % 
. /12/ 

To.1 · ~ HecKonhKO cno>Kaee 

o6cTOHT lleno B o6nacTH "HeJ , ·T.K. _cornacao cf>opMyne ( 106) B onpellene-

, HHe pI BXOilHT no KpafiHefi Mepe TpH HeH3BeCTHbiX SenH"'HHhi: a I 1 T n 1 

aR I a,T , /3,5,9, 12/ 
I • Ha OCHOBaHHH nHTepaTypHbiX llaHHbiX MO>KHO nono-

>KHTb1 He BHOCH 6onhlllOfi OlllH6KH, a I = 50 rpalliBT; "T n = 0,2°K npH 

T 
0 

- 2,3 K. Torllaj y"'HTbiBast, 'ITO HH>Ke A -TO'IJKH ( B6nH3H ee). 

R j ;: R 1 H npnpaBHHBaH pI sKcnepnMeHTanhHoMy cKa"'KY llHcf>cf>epeHunanh

Horo conpOTHBneHHH B A - TO'IJKe, no cf>opMyne (106) MO>KHO OUeHHTb 

BenH"'HHY a R l I a "T • TaKaS! oueHKa B nepBOM npn6nH>KeHHH Ilana pa3yM-

Hoe no nopHilKY nenH"'H~hl 3Ha"'eHHe. TaKHM o6pa3oM, llnH BHeceHHH non

paBKH B H3MepHeMyiD BenH'IJHHy ll~cf>cf>epeHUHanbHOI'O conpOTHBneHHH B 06-

nacTH He/ none3HO H3MepHTb C XOpOillefi TO"'HOCTbiD CKa'IJOK R * 
. I 

npn 

·r = · "T ),_ t, 'ITO n03BOnHT HCKniD"'HTb OllHY H3 HeH3BeCTHbiX B cf>opMynax 

( 10), HanpnMep, R i 
H3 paccMoTpeHHH KBallpaTH'IJHoro "'neHa B·cf>opMyne (8) cnellyeT, 

'ITO Koscf>cf>HUHeHT npH. (/ - 'f_p) 2 npH onpe]leneHHOM 3H8'1JeHHH .TOKa MO>KeT 

, o6paTHTbCH B Hynh H Jla)Ke CTaTb OTpHUaTenbHbiM 1 TaK K8K 'R t •> 0 

a I I a T <O Bcer]la, a aR,I aT<O npH TeMnepaTypax HH>Ke ·r 
P . MHH. 

COuTBeTCTBYIDIUefi MHHHManbHOMy 3Ha'IJeHHID R l (T 8 ) • 8To HBnHeTCH 

oTpa)KeHHeM cf>uan"'eCKH KOHKypnpyromnx npouec"coa npn Harpeae o6pa3ua: 

18 

', yMeHbllleHHH J,P (n, 
) 

"'epe3 o6paaeu) H yMell 

V I I= cons; ,I •· 0TC~Il 

>KeHHOCTh nnHefiHo~o Y"~ 

HH>Ke TA ·, I'Jle o6nmf 

cymeCTBeHHbiM 1 Ha BOnl 

OTKnoHe.line, oT nnHel1Ho 

]lefiCTBHTenbHO Ha6nrollB 

H 2). KaK npllBHm?i .om 

none npn Hanpst>KeHHHX 

2. Ha6nrollaBillHecJ 

oco6eHHOCTII 1 ' KOTOpbie 

UHnnHUHHMH 1 H, B,HanH"' 

V (J) CllBHHyT B CTO poH 

no BCefi BepOHTHOCTH 1 C 

ll06HOI'O pOila SIBneHHH 

, npoBOilHMOCTH, TOKOM B 

Ha pnc. 4a npellc . 
Ql ·A OT 1:1 T , nony"'l 

KpHBbiX 2 H 9 Ha pHCo 
VI,·. 

TO 3Ha'IJeHHe 2ab 

llenstnach no H3BeCTHOI1 

He06XOilHMblMH llnH. BO~ 

nepHOfi xapaKTepHCTHKe 

3aBHCHMOC~b V (I), llm 

aoM, 'ITO ee Ha"'ano co 

3aBHCHMOCTb OT TeMne: 

>KeHHSI Ha KpHBOfi V(I) 



K AnR Bcex o6pasuoB 

na .. Rlf = 

'la6opa SKC11epHMeHT8nbHbiX 

nennoe c yqeToM 8D 
' .;.3 

' 2.-10 . BTicM;rpa.a.1 11ony-
l 
• HecKonbKo cno*nee 

~opMyne (106) B o11pe.aene

THbiX BenH'IHHbi: az 1 T n 1 

/3;519112/ 
MO*HO 11ono-

.·, 

aniBTj T n = 012°K 11pH 

·TO'IKH ( B6nHSH ee) 

OMY CK8'IKY .llH~~epeHUHanb

e · ( 106) · MO*H~ oueHHTb 

11pH61IH*eHHH .aana pasyM-

pa30M1 .llnR BHeCeHHR 11011-

·HOro:conpOTHBneHHR B 06-

IOCTbio CK8'IOK R * 
I 

npa 

9H3BeCTHbiX B ~OpMynax 

~opMyi:;e ( 6) cne.ayeT; 

oM snaqeHHH .ToKa Mo*eT 

IM;' ;a~ KaK 'R 1 •> 0 

epaTypax HH*e ·r 1 · . . MHH. 

i I. (1 8 ) • 3TO RBnReTCR 

:oB npa uarpeBe o6pasua: 

qepes o6paseu) H yMeHbiiieHHR R 1 1. npHBO.llRIIIero, K na.aeHHIO 

v I 1 = cons t •. 0TCIO.ll8 cne_uy~TI 'ITO i::: npH6nH*eHHeM K ·r MIHI. npoTR-

*eHHOCTb nHHeil:Horo yqacTKa JlOn*Ha BospacT~Tb (puc. 2a). · KpoMe . Toro1 

• r.ae o6irmi1: neperpeB o6pasua HeB~nHK, a I a R .I I CT8HOBHTCR . . · . · · · . ar · ··. · · 
cymeCTBeHHbiM1 Ha BOnbTaMnepHOH xapaKTepHCTHKe .llOn*HO nORBHTbCR 

OTKnOHeliHe OT nnueil:HOCTH B CTOpOHY l!HSKHX suaqefiHH nanp.IJ*eHiiR. Mbi 

.aeiJ:CTBHTenbHO Ha6niO.ll8nH TaKoro po.aa 8HOM8Hbllble H3rH6bi :J' (I). ( pHC.l. 

H 2) • KaK npaBHn01 OHH HMenn MeCTO. B nepneH,llHKyriRpHOM MarUHTHOM 

none npn nanpR*eHHRX TeM MeHbiiiHX1 qeM HH*e 'H. 

2. Ha6niO.aaBIIInecR nnorJla .. Ha BonbTaMnepHbiX · xapaKTepHCTHKax 

OC06eHHOCTH1 KOTOpbie Bb!p8)1(8nHCb B. KpyTOM pocTe V (I) 1 qacTO C OC

UHnnRUHRMH1 H B HanH'IHH Heo6bi'IHOrO rHCTepe3UC81 Kor.aa o6paTHbiH XO.ll 

V('l) CJlBHHyT B CTOpOHy ·6onee BbiCOKHX TOKOB OTHOCHTenbHO npRMOr9•. 

no BCeiJ: BepORTHOCTH1 CBR38Hbi C ycnOBHRMH Tennonepe,ll8'IH B 'HeJ • .no-
/11/ 

.ao6uoro poJla RBneHHR ua6niO.aanHcb B pa6oTe npH paspeiiieHHH. caepx-

npoBO.llHMOCTH TOKOM B nneHK8X Jn H Sn. 

Ha pnc. 4a npe.acTaBneua JlnR pasHbiX TeMnepaTyp. saBHCJI'MOCTb 

Q/ ·A oT f). T 1 nonyttenuaR ns aonbTaMnepHbiX xapaKTepncTHK ·Tima 

KpHBbiX 2 n 9 ua pnc. 3a cne.ayiOUIJ:IM o6pasoM. 3a aenuquny Q I A npHHR
VJ 

B JlaHnoA TO 'IKe V (I } ~ · Benntinna f). ·r onpe-
2ab 

.aenRnaCb no HSBeCTHOH 38BHCHMOCTH '[ c (T ) H pa3HOCTH . Me*.llY TOKaMH1 

He06XO,llHMbiMH .anR. BOSHHKHOBeHHR HeKOTOporo V 1 · H8 .ll8HHOH BOnbTaM-

nepHOH xapaKTepHCTHKe H "nlle8nbH~iJ:' 1 B KatteCTBe KOTOpoiJ: 6biilll B3~T8 
. . .. 0. . ., . . ·. . . .. . : '.,. 

38BHCHMOCTb v oi JlnSI ·r = 2109 Kl C.llBHHyTaSI. napannenbHO' TSKHM o6p,a-

30MI ttTO ee nattano coana.aano c nattanoM JlaHHoil:~ ·Ha puc. 46 i:xpnae.aena 
' '• . . ·' 

38BHCHMOCTb OT TeMnepaTypbl nnOTH.OCTH 'TeiiHOBOrO nOTOKa B nHKe fianpR-

*eHHSI Ha KpHBOH V (I) • 
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Pnc. 4. PeaynbTBThi, rronyt~eHHbie amr 'pa3HbiX TeMrrepaTyp remreBoil:··BaHHhi 

rrpn paB~oBeCHOM aaBneHnn HaCbiill9HHhiX. lll}POB. O~p~~~u B,, ~+ = ,49 Ka. 
• - . 0 

(a) 3aBIICIIMOCTb Q I A .oT t:.. T : HacToSimaSI pa6oTa 1) - T ":' 2,23 K, 
2) - 2A5°K, ·s - 3,26°K~ llaHHhie na paGoTbi 19/ .: 4) ·- 2,5°1( 5r·.:. 

•· - 3,0°K II na pa6oThxf3(. ~ 6) T =. 3,0°K. (6). 3aBIICIIMOCTb rrnoTHOCTli 
TerrnoBoro IIOTOKa B IIIIKe HallpSI)K9HIISI Ha V (/) OT T9MIIepaTypbi. 06pa39U B. 
• • · - Hj' := 55 Ka.; o..:.. H 1 ;, 49 H:a; 2,3 cooTBeTcTsyroT rrepexoay oT 

·n· .1 . 191 .;w; 
KOHB9KTIIBHOro K IIY3bipbKOBOMy KIIII9HII!O B e 110 JlBHHbiM II 

: 18 

t• 

Ha cpaBHeHIISI c peG 

.Ha puc. 4a) cneayeT, 'lTC 

BllnOTb J]O Bepxueil: TO'IKU 

KurreHUSI .B 'Hf'! I , KOTopa! 

npH JlBnl>oHeAweM yBenu~e 
. . ·. . . . \ " . :· ~ 

TellnOBOrO IIOTOKa, HBKOH 

)KliJlKOCTU1 COIIpOB.O)KJlaJOUI 

aarrps)KeHUSI aa KpUBott V 

llpii paBHOB9CHOM JlBBneHF 

KHII9HH9 _'coxpaHH9TCH JlO 

o6pa3U9 MOillHOCTH. noJlOI 

MH BOnbTaMnepHbiX xapaK 

TenbHO,KaK cneJ]yeT H3; p: 

TieHHH aal:t paBHoBeCHbiM ' 

K IIY3bipbKOBOMy· KHII9HUIC 

HHHX TennoBoro iroToKa 11 

ua, a nposrBnsreTcsr numb· 

TeimooTJlat~u ( Q I A) 
MaK< 

IIY3bipbKO~OMy KUII9HH!O I: 

xoaa V (I) H cna6o a aBE 

'T 
8 

... const 
.. ' ,, 

1 KaK aTO.B 

HHe TO'IKY t:,. P = 530. TC 

nHt~aeTCH OT nepBOHa'lan~ 

TaKUM o6paaoM, oc 

Tophrx roBopunocb Bbrwe, 

B oKpy)KaJOmeM o6paaeu J 

KOHTponHpyeMbiMH <fJaKTOf 

nol}hiJleneHHH B o6paaue, 



':;. 

1,8 1 1.2 

',, ~ 

TeMrrepaTyp renneBoii: · BaHHbi 

B •• ()~J?~~~u, ~,•, fi+ .= 49 ~9. 
. : . 0 

·pa6oTa ·1) - T = 2,23 K, 
19r..: 4) ·- 2,5oi(; 5)'·~ 

', 3aBHCHMOCTb-IInOTHOCTH 
), oT JeMrrepaTypbi. 06pa3eu B. 
:ooTBeTCTByroT rrepexony oT 

re . . 
1 

. ': . · ·· '/9/ I 101 
·rro naHHbiM n 

/3,9,10/ ( 4 
H3 cpaBHeHHH c pe3ynbTaTaMn npyrnx aBTopoB KpHBhle -5 

.. Ha pnc. 4a) cnenyeT, 'ITO eHnbHbiH: poeT HarrpmKeHHH aa KpnBoii: ·v CI ) , 

BIInOTb no BepxHeH: TO'IKH IIHK·a eooTBe.TeTByeT o6naeTir KOHBeKTHBlior~ 

Opn nanbHeii:llleM yBenn'leHnn TpauenopTHoro TOKa, a enenoBaTenbHo, II 
' . ' 

TerrnoBoro rroToKa, HaKoHeu, nponexonnT BeKnrraHne npnne)Karuett K 66pa.3uy 
. (_, ' . . ' .. ' 

)KlfnKoeTn, conpoBO)Knaromeeest oxna)KneHneM o6pa3ua n pe:;~KnM ·naneuneM 

HaiipH)K9HHSI Ha KpHBOtt V (I) epa3y sa IIHKOM. Ha o6paTHOM xone ,V ('I) 

rrpn paBHOBeeHoM naBneHnn naebr!lleHHbix rrapoB pas B03HHKlllee IIY3bipbKOBoe 

KnrreHne eoxpaHHeTeH no epaBHnTenbHo Manbrx snaqe!inii BbrnensteMo!t 6 

o6pasue MomHoeTn. nono6noe rrpeneTaBnenne nonTBep)KnaeTe~ H3MepeHnH

Mn BOnbTaMrrepHbiX xapaKTepneTHK IIpH IIOBb!lli9HHbiX naBneHHSIX. netteTBH.;, 

TenbHo,KaK enenyeT us· pne. 3a,6, B eHny Torci, 'ITO rrpH npeBbillleHHH naB-

neHHH Han paBHoBeeHbiM o6pasoBaHne rry3bipbiWB saTpynnsteTest, nepexon 

K rry3b!pbKOBOMy KHIIeHHID oeymeeTBnHeTeH IIpH Bee 6onee, Bb!CO~HX 3Ha'le

HHHX TerrnoBoro rroToKa n y)Ke He rrpHBonnT K pesKoMy oxna)Kneunro o6pa3-

ua, a npostBnHeTeH nHlllb B xapaKTepHoM n3noMe ua V (I) • Ko9ljlqmuHeHT 

TeirnooTna'ln ( Q I A) I !! ·r : B TO'IKe nepexona oT KOHBeKTHBHoro K 
MaKe. 

rry3bipbKOBOMy Klfii9HHID rrpaKTH'I9CKH onHHaKOB nnst rrpSIMOro H o6paTHOrO 

xona V (1) H ena6o saBneHT oT naBneHHSI rrpH neKoTopoH: TeMrrepa'rype· 

'f8 ... Const 1 KaK 9TO BHnHO H3 pRe. 36, ee/m He IIpHHHMaTb BO BHl!Ma-

Hlfe TO'IKY !! P = 530 Top, TeMrrepaTypa B KOTOpO!t y)Ke eymeeTBeHHO OT-
. 0 ' 0 

nHtiaeTest oT nepBoHa'lanbHOii: ( 3, 19 K BMecTo 2,46 K). 

TaKHM o6pasoM, oco6euBoeTn BonbTaMrrep!IbiX xapaKTepneTHK, o Ko-

TOpb!X rOBOpHnOeb Bbllll91 CBH3aHbl C OTCyTeTBHeM IIY3blpbKOBOrO KHIIeli.HSI 

B oKpy)KaromeM o6paseu renHn 1. Mo)KHO nyMaTb, ·'ITO 9TO BbiaBaH~ TpynHo 

KOHTponnpyeMb!Mlf ljlaKTOpaMH ( eoeTOHHll9M IIOBepXHOeTll1 onHoponnoeTbiO Terr

nOI}bineneHHH B o6pa3rte1 'IHCTOTOH renHH U T.n.) 1 KOTOpb!e B He.KOTOpbiX 
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cny"laHx C03Jlaaanu oco6o 3aTpyJlHHTenbHhte ycn~auH JlnH o6pa3oaaaug ny3htpb

KOB li .TeM C8MbiM 38THI'liBilnli o6naCTb KOHBSKTHBHOI'O KHIIeHHH, B cny"lae 

06bi"'HOI'O ( He38THHYTOI'O) nepeXOJl8 OT KOHBeKTHBHOI'O K ny3hlpbKOBOMy 
_. ' 

Knnenmo 3aancnMo_cTb Q I A oT /). 'T npeJlcTaBnHeTCH a BHJle, noJlo6uoM 

KpliBbiM 4-6 Ha pnc, 4a, ilp~ a:roM MOIIIHOCTb, COOTBeTCTBytoiii8H H8"l~ny , 

mmeilHOI'O Y"l8CTK8 BOnbTaMnepHOH xapaKTepliCTUKli rrpn. Jl8HHOH TeMrrepa

Type, lle)!{liT B o6naCTli IIY3blpbKOBOI'O KHIIeHHH H H8 38BHCHMOCTH- V (/ ) 

He nMeeTcH oco6ennocTeil. 

'IV, 3aKnto"leHne 

B pa6oTe o6paiiiaeTCH oco6oe BHHM8Hlle Ha TpyllHOCTH, B03HliK8IOIIIHe 

rrpn aKcrrep_nMeuTanbJIOM orrpeneneHnn R 1 n cnenaHa norrhtTKa oueJIHTb 

aenn"'HHhi- nonpaaoK K Ha6ntonaeMbiM, npn- pa3nH~HhiX ycnoBnHx _ 3Ha"leHHS{M 

dV I dl JlnH Bhi"lncneH,nsi ncTnHiwro _3Ha"leHnH Jlncjl<jlepeHunanhHoro corr~ 
poTuaneuuH, KOTopoe nMeno 6bt MecTo rrpn oTcyTcTann rreperpeaa o6pa3ua (ua

rrpnMep, npu CTpeMSIIIIeHCH K Hynto TOniiiHHe ero), K_CO)!{anei!HIO, OKOH"laTenbHbiX 

pe3ynhT8TOB B HaUJeM cny"lae nony"'HTb He YJlBnDCb H3-38 OTCyTCTBliH 

TO"'HhiX Jl811HhiX IID TerrnonpDBDJliiDCTli H Koa<!J<jln uneHTy TeiinDOTJl8"lli KOHK

peTHbiX o6pa3uoa. 

, ilorryTHO, HCIIDnh3YH CHnhHYIO 38BHCHMOCTb H8IIpH)!{eHHH DT _ TeMnepa-
< • • " ' ~ 

Typbl ( npn IIDCTOHHHDM M8I'IIHTHOM II one li TOKe B o6pa3Ue), aBTOpbl rrony-

"lnnn nHTepecHbte Jl8H!Ihte rro TerrnorrepeJla"le K )KliJlKOMY rennto rrpn pa3HhiX 

TeMrrepaTypax KaK B cny"lae paBJIOBeCHOI'D JlaBneHHH H8Chiiiiel!l!hiX napOB, 

T8K li npn IIOBbiUJe!IHhiX Jl8Bnei!HHX. 

B 3aKnto"leHne aaTophi 6naroJlapHT A.r. 3enhJlDBH"la n A:n. CMnpuo

aa 3a none3Hbte o6cy)!(Jle~nH, u B.c:ti. lJyMaKoaa n B·.r. XopTa 3a rroMOIIIh' 

npn IIpOBeJleHHH 9KCITepnMeHTOB, 
... ~ 
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